Introduction
============

Glioma is a common intracranial malignant tumor, accounting for more than 50% of intracranial tumors ([@b1-ol-0-0-8063]). Gliomas are classified into four grades (I, II, III and IV) based on the 2016 World Health Organization (WHO) classification system. Grade I and grade II tumors are termed low-grade gliomas, and grade III and grade IV tumors are termed high-grade gliomas ([@b2-ol-0-0-8063]). Glioma has high disability and mortality rates associated with high incidence of metastasis and relapse. It is one of the major causes of disability and death in patients. Currently, glioma is treated mainly by surgery. However, the cancerous tissue is hard to be removed completely by surgery due to the infiltrative growth nature of glioma. A relapse often occurs after surgery ([@b3-ol-0-0-8063]). In addition, a number of challenges stand in the way of successful treatment for glioma, including sensitive tumor location, the blood-brain barrier that restrains anticancer drugs from entering into brain and tumor tissue, and drug resistance of cancer cells in glioma ([@b4-ol-0-0-8063]). There is evidence suggesting miRNA might render drug-resistant cancer cells in glioma sensitive to chemotherapy through modulation of target gene expression, thus enhancing chemotherapeutic efficacy ([@b5-ol-0-0-8063]). miR-200a is a member of the miR-200 family. Its loss is closely associated with onset of multiple cancers, and upregulated miR-200a expression is beneficial in inhibition of tumor growth ([@b6-ol-0-0-8063]). In the present study, the expression levels of miR-200a in cancer tissue, paracancerous tissue and serum were determined using real-time fluorescence-based quantitative polymerase chain reaction (qRT-PCR). Based on the acquired data, the correlation between miR-200a expression and chemotherapeutic treatment efficacy of glioma was explored.

Materials and methods
=====================

### Subjects

Forty-five patients with glioma treated in the Sixth People\'s Hospital of Jinan from March 2015 to June 2017 were enrolled in this study as observation group. There were 19 males and 26 females, aged 26--68 years, with an average age of 52.3±9.6 years. All patients with glioma underwent surgical resection. The cancer tissue and paracancerous tissue were harvested and stored in liquid nitrogen immediately. Patient\'s serum samples were also collected before chemotherapy treatment. In the meantime, serum samples were collected from 23 healthy subjects of similar age as control group who took routine physical examination in the Sixth People\'s Hospital of Jinan during the same time period.

### Inclusion and exclusion criteria of patients

Inclusion criteria: Patients had a high-grade glioma identified by histopathological assay; expected survival was \>1 year; the Karnofsky Performance Score (KPS) was \>60 points. Exclusion criteria: Patients recently received immunotherapy; patients had a history of another kind of malignant cancer; patients had serious heart, liver, spleen, lung, or kidney diseases. The present study was approved by the Ethics Committee of the Sixth People\'s Hospital of Jinan (Jinan, China). Signed written informed consents were obtained from the patients and/or guardians.

### Chemotherapy and efficacy evaluation

Forty-five patients with glioma in the observation group received temozolomide-based chemotherapy (SFDA Approval no. H20143117; Jiangsu Sheng Di Pharmaceutical Co., Ltd.). Temozolomide was administered in normal saline via IV injection at a dose of 75 mg/m^2^ once a day. Four weeks constitute a course of treatment. The chemotherapeutic efficacy was evaluated after 5 months of treatment according to the WHO response evaluation criteria. Complete response (CR) was defined as complete disappearance of the tumor with no new lesions. The response should last for at least 4 weeks. Partial response (PR) was defined as at least 50% reduction in the tumor size with no new lesions. The response should last for at least 4 weeks. Stable disease (SD) represents \<50% reduction to \<25% increase in the tumor size. Progressive disease (PD) represents at least 25% increase in the tumor size or appearance of new lesions.

### Total RNA extraction and cDNA synthesis

Total RNA was extracted from tissues and serum using the TRIzol kit (Takara Bio, Dalian, China) and the mirVana PARIS kit (Shanghai Ponsure Biotechnology, Inc., Shanghai, China) in accordance with the manufacturers instructions. RNA purity and concentration were determined by spectrophotometry at 260 and 280 nm. cDNA synthesis was performed by reverse transcription of 1 µg RNA using the PrimeScript™ RT Master Mix kit (Takara Bio) in accordance with the manufacturers instruction.

### Determination of miR-200a expression levels by qRT-PCR

The qRT-PCR assay was performed using an ABI 7100 real-time fluorescence-based quantitative PCR instrument. The PCR reaction system contained 1.0 µl of cDNA, 0.8 µl of primer, 10 µl of 2X miRNA qPCR Mix, and 8.2 µl of ddH~2~O. The PCR reaction was run as follows: pre-denaturation at 95°C for 10 min, followed by 45 cycles of 95°C for 10 sec, 60°C for 20 sec and 72°C for 12 sec. Using U6 as the reference gene, the expression level of miR-200a was calculated by the method of relative quantification 2^−ΔΔCq^. Specific primer sequences are as follows: for miR-200a the forward sequence is TAACACTGTCTGGTAACGATGT and the reverse sequence is ATCGTTACCAGACAGTGTTATT; for U6 the forward sequence is CTCGCTTCGGCAGCACATTTT and the reverse sequence is AACGCTTCACGAATTTGCGT. Primers were synthesized by Shanghai Sangon Biotech Co., Ltd. (Shanghai, China).

### Statistical analysis

Data were statistically analyzed by SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). The t-test was used for comparison of differences between two groups. One-way ANOVA was used for comparison of differences between the above groups. Differences were considered statistically significant at P\<0.05.

Results
=======

### General characteristics

The t-test was used to analyze the differences of age and sex between the observation group and the control group. The results in [Table I](#tI-ol-0-0-8063){ref-type="table"} show that the differences of age and sex between the two groups were not statistically significant (P\>0.05).

### miR-200a expression levels in cancer tissue and paracancerous tissue

The results of qRT-PCR assay in [Fig. 1](#f1-ol-0-0-8063){ref-type="fig"} show that the expression level of miR-200a in cancer tissue of patients with glioma was significantly lower than that in paracancerous tissue (P\<0.05), and the difference was statistically significant.

Serum miR-200a expression levels in patients with glioma before chemotherapy and healthy subjects in the control group. As shown in [Fig. 2](#f2-ol-0-0-8063){ref-type="fig"}, the serum level of miR-200a in patients with glioma before chemotherapy was significantly lower than that in healthy subjects (P\<0.05) and the difference was statistically significant.

### Correlation between miR-200a expression and clinical features of glioma patients

The expression levels of miR-200a in cancer tissue and serum were not correlated with patient age, sex and tumor location (P\>0.05), but were correlated with pathological grade and tumor size (P\<0.05). The detailed results were shown in [Table II](#tII-ol-0-0-8063){ref-type="table"}.

### Expression levels of miR-200a before chemotherapy in cancer tissue and serum for different efficacy outcomes after chemotherapy

Among 45 patients with high-grade gliomas, there were 1, 17, 15 and 12 cases that experienced CR, PR, SD and PD, respectively, after 5 months of chemotherapy treatment. The expression levels of miR-200a in serum and cancer tissue in chemotherapy-non-responsive patients were lower than those in chemotherapy-responsive patients (P\<0.05). The serum levels of miR-200a in chemotherapy-responsive patients were lower than those in healthy subjects in the control group (P\<0.05). As shown in [Fig. 3](#f3-ol-0-0-8063){ref-type="fig"}, the expression level of miR-200a was correlated with chemotherapeutic efficacy for treatment of glioma.

Discussion
==========

With continued advances of human genome studies, it was found that there are only approximately 20,000 gene sequences with coding function, accounting for less than 2% of the whole genome sequences. Most of the gene sequences are non-coding RNAs, including miRNAs ([@b7-ol-0-0-8063]). miRNAs are short RNA molecules with 17--25 nucleotides in length and do not have a coding function. miRNAs can inhibit target gene expression by binding to the 3-untranslated region of the target gene, thereby regulating biological processes including cell proliferation, differentiation, apoptosis and innate immunity ([@b8-ol-0-0-8063]). A large number of studies suggested that miRNAs may be involved in onset and progression of many cancers, including gliomas, as either oncogenes or tumor suppressor genes ([@b9-ol-0-0-8063]).

The major members of the miR-200 family that have been discovered so far are miR-200a, miR-200b, miR-200c, miR-141 and miR-429, of which miR-200a, miR-200b and miR-429 are located on chromosome 1, while miR-200c and miR-141 are located on chromosome 12 ([@b10-ol-0-0-8063]). Among these members, miR-200a played a role as tumor suppressor in a variety of cancers, including gliomas. In nasopharyngeal carcinoma, miR-200a expression was downregulated, and the expression level of miR-200a in undifferentiated nasopharyngeal carcinoma cells was significantly lower than that in highly differentiated nasopharyngeal carcinoma cells. As a tumor suppressor, miR-200a can inhibit nasopharyngeal carcinoma cell proliferation, invasion and metastasis by attenuating ZEB2 and CTNNB1 expression ([@b11-ol-0-0-8063]). In liver cancer, miR-200a was downregulated also in cancer tissue. As a tumor suppressor, miR-220a can inhibit cancer cell growth and metastasis by blunting MACC1 gene expression. In addition, the 1-, the 3- and the 5-year survival rates were lower for patients with low miR-200a expression than those with high miR-200a expression ([@b12-ol-0-0-8063]). In breast cancer, miR-200a was also found to be downregulated in cancer tissue, and as a tumor suppressor, miR-200a can exert an inhibitory effect on growth of breast cancer cells through downregulating TFAM expression ([@b13-ol-0-0-8063]). miR-200a also played a role in inhibiting gastric adenocarcinoma growth by reducing ZEB1 and ZEB2 expression, inactivating the wnt/β-catenin signaling pathway, and attenuating EMT expression ([@b14-ol-0-0-8063]). For gliomas, Berthois *et al* ([@b15-ol-0-0-8063]) reported that the miR-200a expression level in grade IV glioma tissue was lower than those in grade II and III gliomas. Su *et al* ([@b16-ol-0-0-8063]) reported that miR-200a was downregulated in glioma tissue, and overexpression of miR-200a in T98G cells reduced glioma cell proliferation, invasion and metastasis. Inhibition of miR-200a expression led to upregulation of SIM-2 expression, thereby promoting tumor growth. Ma *et al* ([@b17-ol-0-0-8063]) reported that lncRNA-ATB promoted glioma cell proliferation, invasion and metastasis by inhibiting miR-200a expression. If lncRNA-ATB was inactivated, then miR-200a was re-activated, which lead to reduction of glioma cell proliferation, invasion and metastasis.

Drug resistance of cancer cells in chemotherapy is an important factor attenuating chemotherapeutic efficacy, thereby rendering lower survival rate for cancer patients. Residual cancer cells surviving chemotherapy gradually developed resistance to the therapeutic drug, resulting in failed chemotherapy leading to cancer recurrence ([@b18-ol-0-0-8063]). Temozolomide is a newly discovered broad spectrum anticancer drug, and it is the safest first-line chemotherapy drug currently used in the treatment of glioma world-wide. Temozolomide is rapidly converted at physiologic pH to the active form 3-methyl-(triazen-1-yl)imidazole-4-carboxamide (MTIC). Its cytotoxicity is mediated by alkylation of DNA in cancer cells, resulting in apoptosis or necrosis ([@b19-ol-0-0-8063]). In the mid-to-late phase of chemotherapy for gliomas, varying degrees of drug resistance to temozolomide was developed in some patients, leading to the failure of chemotherapy. Induction of chemotherapy drug resistance is a major factor that compromises chemotherapeutic efficacy ([@b20-ol-0-0-8063]). With continued advances of gene chip and sequencing technologies, it was found that abnormal miRNA expression was an important factor affecting sensitivity of cancer cells to chemotherapeutic drugs. miRNAs may be involved in onset and progression of cancer cell resistance to chemotherapeutic drugs as either oncogenes or tumor suppressor genes ([@b21-ol-0-0-8063]). In glioma cell line U87MG, miRNA-21 induced upregulation of Bcl-2 and downregulation of Bax. While in chemotherapy treatment, temozolomide induced cancer cell apoptosis by inhibiting Bcl-2 expression and promoting Bax expression. Therefore, overexpression of miRNA-21 attenuated temozolomide-induced apoptosis of cancer cells, rendering resistance of cancer cells to temozolomide ([@b22-ol-0-0-8063]). However, overexpression of miR-200a in grade IV glioma cells increased cell sensitivity to temozolomide. In addition, the miR-200a expression level in sensitive glioma cells to temozolomide was significantly higher than that in less sensitive glioma cells to temozolomide ([@b15-ol-0-0-8063]).

In the present study, the expression levels of miR-200a in cancer tissue, paracancerous tissue and serum of patients with glioma, as well as in serum of healthy subjects were determined using qRT-PCR assay. It was found that the expression level of miR-200a in cancer tissue was significantly lower than that in paracancerous tissue (P\<0.05). In addition, it was also found that the serum level of miR-200a in the observation group was significantly lower than those in the control group (P\<0.05). Correlation between miR-200a expression and clinical features of patients with glioma was explored. It was found that the expression level of miR-200a in serum was correlated with pathological grade and tumor size, but not correlated with the patient\'s age, sex and tumor location. Thus, it was presumed that miR-200a was involved in onset and progression of glioma. In this study, the efficacy of temozolomide in combination with radiotherapy in treatment of high-grade gliomas was also evaluated. It was found that the expression levels of miR-200a in serum and cancer tissue in chemotherapy-non-responsive patients (SD and PD) were lower than those in chemotherapy-responsive patients (CR and PR, P\<0.05). The serum level of miR-200a in chemotherapy-responsive patients (CR and PR) was lower before chemotherapy than that in healthy subjects in the control group (P\<0.05). Thus, it was presumed that changes in miR-200a expression were correlated with chemotherapeutic efficacy of glioma treatment.

In conclusion, the expression levels of miR-200a in cancer tissue and serum of patients with glioma were reduced. miR-200a expression was correlated with glioma pathological grade, tumor size, as well as chemotherapeutic efficacy, but was not correlated with patient\'s age, sex and tumor location. Low expression of miR-200a represented involvement in onset and progression of glioma, and was related to cancer cell drug resistance. The results in this study suggest that miR-200a may become a new target for the treatment of gliomas.
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###### 

Comparison of the general characteristics between the observation group and the control group.

  Items         Observation group   Control group   P-value   t-value
  ------------- ------------------- --------------- --------- ---------
  Sex                                                         
    Male        19                  10              0.190     1.674
    Female      26                  13                        
  Age (years)                                                 
    ≤50         29                  14              0.127     1.765
  \>50          16                  9                         

###### 

Correlation between miR-200a expression level and clinical features of glioma patients.

                             Cancer tissue   Serum                                  
  --------------------- ---- --------------- -------- -------- ----------- -------- --------
  Age (years)                                                                       
    ≤50                 29   0.41±0.08       \>0.05   0.1218   0.35±0.04   \>0.05   0.9015
    \>50                16   0.45±0.03                         0.36±0.07            
  Sex                                                                               
    Male                19   0.40±0.11       \>0.05   0.9145   0.32±0.06   \>0.05   0.3419
    Female              26   0.47±0.06                         0.36±0.02            
  Pathological grade                                                                
    III                 12   0.53±0.05       \<0.05   0.0126   0.39±0.05   \<0.05   0.0063
    IV                  33   0.33±0.04                         0.28±0.03            
  Tumor diameter (cm)                                                               
    ≤5                  30   0.51±0.07       \<0.05   0.0083   0.34±0.04   \<0.05   0.0168
    \>5                 15   0.42±0.09                         0.26±0.04            
  Tumor location                                                                    
    Frontal lobe        16   0.41±0.06       \>0.05   1.2462   0.31±0.06   \>0.05   0.8761
    Temporal lobe       20   0.39±0.04                         0.29±0.03            
    Occipital lobe      9    0.43±0.04                         0.33±0.01            
